Interleukin 4 (IL-4) is a cytokine that is involved in the differentiation of B and T lymphocytes. In this report, we describe the identification of a novel gene, N.52, which 
INTRODUCTION
. Cells of the immune system are known to respond to a myriad of chemical mediators called cytokines or interleukins. One such cytokine, interleukin 4 (IL-4), is a T-cell and mast-cell derived peptide that regulates a broad spectrum of biological activities in *Corresponding author. several cell types (reviewed by Paul and Ohara, 1987) . Receptors for IL-4 are expressed on most cells of hematopoietic lineage Park et al., 1987) as well as some nonhematopoietic cells (Lowenthal et al., 1988) . In particular, induces growth and differentiation of pre-B cells (Hofman et al., 1988) , the hyperexpression of class II major histocompatibility complex (MHC) molecules (Noelle et al., 1984; Roehm et al., 1984; Polla et al., 1986) and Fc receptors for IgE on resting B lymphocytes Defrance et al., 1987) , and, together with bacterial lipopolysaccharide (LPS), induces the differentiation of mature B cells into immunoglobulin-secreting plasma cells Rothman et al., 1988) . It is now clear that IL-4 also affects the development of T lymphocytes. IL-4 causes proliferation of antigen-stimulated T helper lymphocytes (Fernandez-Botran et al., 1986) and, together with phorbol esters (PMA), induces the differentiation of .cytotoxic T lympocytes from intrathymic precursors (Palacios et al., 1987) . IL-4 also synergyizes with another cytokine, interleukin 3, to generate mast cells from precursors in the bone marrow (Mosmann et al., 1986) .
Similar to differentiation of the hematopoetic cells, development of the germ-cell lineage also involves progression through a highly specific series of differentiation events, in response to a poorly understood network of signals. The (Polla et al., 1986) . We sought to identify other genes induced by (Loh et al., 1989) . Although this approach allowed us to obtain an additional 120 nucleotides that were enriched in G +C residues, we did not obtain a fulllength cDNA clone. The nucleotide sequence of this partial cDNA contains a single open-reading frame, followed by a stop codon at nucleotide 361, and appears to extend to the 3' end of mRNA since it contains a classic AAAAA polyadenylation signal (Birnstiel et al., 1985) f6llowed by a poly A tail (Fig. 2). This cDNA encodes a polypeptide of 120 amino acids (Fig. 2) (Polla et al., 1986) to confirm the stimulatory effects of IL-4 (middle panel), and A50 cDNA (Nguyen et al., 1983) (Rabin et al., 1985; O'Garra et al., 1986; Snapper and Paul, 1987 (Glimcher and Shevach, 1982) , created by fusing antigen-specific normal T cells with the BW5147 thymoma, la:ked N.52 transcripts at baseline (Fig. 3B ). The two T-cell hybrids were therefore treated with concanavalin A (Con A), which has been shown to induce the differentiation of splenic T cells into lymphokine-secreting cells (Farrar et al., 1980; Granelli-Piperno et al., 1984) . Con A treatment of the two T hybrids induces high levels of N.52 mRNA (Fig. 3B) (Strickland et al., 1980) . Figure 3C demonstrates that these differentiation events coincide with .the appearance of N.52 transcripts. Therefore (Wolgemuth et al., 1986, 1.987) (Fig. 4, right panel) . was examined by Northern blot analysis (Fig. 4) . The results shown in Fig. 4 demonstrate that N.52 N.52 expression was undetectable in highly differen-transcripts are significantly more abundant in testis tiated organs such as brain, heart, lungs, liver, and than Hox-l.4 transcripts. Subsequent hybridization kidney. In contrast, N.52 mRNA was present in of these blots to control probe, A50, indicated that thymus, bone marrow, and day-17 fetal liver, organs comparable levels of RNA were present in each harboring actively developing and differentiating lane. The expression of N.52 in testis is parallel to cells, the expression of the homeobox gene Most striking, however, was the extremely high (Wolgemuth et al., 1986) . RNAs were isolated from three different cellular populations, including the meiotic prophase spermatocytes (predominantly in pachytene stage), the early postmeiotic spermatids, and a fraction that included residual bodies and cytoplasmic fragments of elongating spermatids, and were probed for expression of N.52 mRNA (Fig. 5C , first four lanes). N.52 was not expressed in testes that contain only premeiotic germ cells (see Fig. 4A , 2d postnatal). N.52 transcript was present in germ cells in meiotic prophase (pachytene) and in ceils that were further advanced (spermatids) in the developmental pathway of spermatogenesis. No striking differences in levels of N.52 were seen in the different stages, including cytoplasmic fragments and residual bodies (Fig. 5C ), when RNA loading in each lane was normalized. These data suggest that N.52 expression is likely to be induced by differentiation signals at the onset of meiosis and remains high during all the stages of germ-cell development.
A The N.52 Gene Is Highly Conserved Genomic Southern blot analysis of mouse DNA digested with a panel of restriction endonucleases probed with a 0.6-kb cDNA insert (Fig. 6) (Fig. 6) 
DISCUSSION
Despite the multiplicity of effects of IL-4 on various cell types, very little is known about the molecular mechanisms by which IL-4 exerts these effects. Those genes that are known to be induced by IL-4 include class II MHC (Polla et al., 1986) , Fc epsilon receptor (Hudak et al., 1987) , Thy-1 (Snapper et al., 1988) , and mou,se pancreatic lipase (Grusby, unpublished (Hofman et al., 1988) and by other polyclonal activators such as Con A and LPS that trigger differentiation in lymphoid cells (GranelliPiperno et al., 1984; Rothman et al., 1988) (Kelly et al., 1983; Greenberg and Ziff, 1984; Ryder et al., 1988) . Activation of this set of genes is followed by activation of a second set (Kwon et al., 1987 ) (such as transferrin and interleukin 2 receptor genes) (Kr6nke et al., 1985) (Noelle et al., 1986; Polla et al., 1986) . Another similarity between N.52 and class II MHC expression in the B lineage is the absence of expression of both these gene products in myelomas, a terminally differentiated B cell state (Nabavi, unpublished data) .
Activation and differentiation of lymphoid cells is modulated through complex interactions of numerous extracellular stimuli, which may synergize or interfere with IL-4 mediated signals, depending on cell type and developmental stage Paul and Ohara, 1987 )! These stimuli include LPS, which causes blast transformation of resting B cells and. drives them to Ig production (Snapper and Paul, 1987; Lutzker et al., 1988; Rothman et al., 1988) , and Con A, which activates expression of some genes, including lymphokines and lymphokine receptors in resting T cells (Farrar et al., 1980; Kr6nke et al., 1985; Burd et al., 1987; Kwon et al., 1987) . Some other stimuli include PMA, cIgM, and lymphokines (Farrar et al., 1980; Granelli-Piperno et al., 1984; Kr6nke et al., 1985; Rabin et al., 1985) . N (Ashida and Scofield, 1987; Bishara et al., 1987) . In addition, an IL-lc-like soluble factor has been found in testicular interstitial fluid (Gustafsson et al., 1988 (Eidinger and Garrett, 1972; Allen et al., 1984) . Reciprocal effects of the thymus on reproductive development have also been noted (Strich et al., 1985) . Congenitally athymic mice show reproductive defects, and these defects can be corrected by injection of thymosin or by thymus grafts (Strich et al., 1985) . In view of the thymus-reproductive system interaction, our observation of the lag time in the expression of N.52 in testes of 2-week-old athymic mice compared to the age-matched normal animals is interesting. However, the significance of this observation is not clear at present.
The process of spermatogenesis involves a series of cellular differentiation steps in which spermatogenic stem cells undergo functional and morphological specialization to form spermatozoa. Identification of stage-specific gene products is of particular interest in understanding this complex pathway of cellular differentiation. Some of these gene products are expressed at specific stages and thus presumably involved in basic cellular functions underlying morphological changes that occur during spermatogenesis, whereas others, such as the protooncogenes c-abl , c-mos (Goldman et al., 1987) , pim-1 (Sorrentino et al., 1988) , and int-1 (Schackleford and Varmus, 1987) , have been implicated in postmeiotic stages of spermatogenic differentiation. Several nuclear protooncogenes such as c-myc and c-fos, which are activated during germ-cell differentiation, are also induced by different stimuli during lymphocyte differentiation (Klemsz et al., 1989; Wolfes et al., 1989) . Protooncogenes c-mos and c-raf are members of the serine and threonine kinase families, respectively, with overlapping expression in somatic and germ cells (Wolfes et al., 1989 (Polla et al., 1986) . Poly A / RNA was prepared by oligo dT cellulose chromatography of total RNA, isolated by the guanidine isothiocyanate method (Chirgwin et al., 1979) . Firststrand cDNA was synthesized from 4/g of poly A /
